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@ A refrigerant comprising a ternary or liigher mixture of: 

(a) tetrafluoroethane and/or heptafluoropropane; 

(b) difluoromethane and/or 1,1,1-trifluoroethane; and optionally 

(c) pentafluoroethane. 
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This invention relates to refrigerants for cooling and heating applications, to refrigerant compositions 
containing them and to the use of such refrigerants in heat transfer devices, in particular refrigeration 
systems. The invention relates, in particular, to low temperature refrigerants, by which is meant refrigerants 
intended to achieve and maintain temperatures of the order of -30 °C and below, for example -50 °C and 
5 even -65 ' C. 

Mechanical refrigeration systems (and related heat transfer devices such as heat pumps and air- 
conditioning systems) are well l<nown. In such systems, a refrigerant liquid evaporates at low pressure 
talking heat from the surrounding zone. The resulting vapour is then compressed and passed to a condenser 
where it condenses and gives off heat to a second zone, the condensate being returned through an 
10 expansion valve to the evaporator, so completing the cycle. Mechanical energy required for compressing 
the vapour and pumping the liquid is provided by, for example, an electric motor or an internal combustion 
engine. 

In addition to having a suitable boiling point and a high latent heat of vaporisation, the properties 
preferred in a refrigerant include low toxicity, non-flammability, non-corrosivity, high stability and freedom 
75 from objectionable odour. Other desirable properties, particularly of low temperature refrigerants and 
refrigeration systems using them, are ready compressibility at pressures below 20 bars, low discharge 
temperature on compression, high refrigeration capacity, high efficiency (high coefficient of performance) 
and an evaporator pressure in excess of 1 bar. 

Dichlorodifluoromethane (Refrigerant R-12) possesses a suitable combination of properties and has for 
20 many years been the most widely used refrigerant. 

Dichlorodifluoromethane is, however, unsuitable for low temperature refrigeration applications, and 
chlorodifluoromethane (Refrigerant R-22), or the azeotrope thereof with chloropentafluoroethane (the 
azeotrope being Refrigerant R502), are usually used in such applications. 

In recent years, however, there has been increasing international concern that fully and partially 
25 halogenated chlorofluorocarbons, such as dichlorodifluoromethane and chlorodifluoromethane, may be 
damaging the earth's protective ozone layer, and there is general agreement that their manufacture and use 
should be severely restricted and eventually phased out completely. 

Whilst heat transfer devices of the type to which the present invention relates are essentially closed 
systems, loss of refrigerant to the atmosphere can occur due to leal<age during operation of the equipment 
30 or during maintenance procedures. It is important, therefore, to replace fully and partially halogenated 
chlorofluorocarbon refrigerants by materials having zero ozone depletion potentials. 

In addition to the possibility of ozone depletion, it has been suggested that significant concentrations of 
halocarbon refrigerants in the atmosphere might contribute to global warming (the so-called greenhouse 
effect). It is desirable, therefore, to use refrigerants which have relatively short atmospheric lifetimes as a 
35 result of their ability to react with other atmospheric constituents such as hydroxyl radicals. 

According to the present invention there is provided a refrigerant which comprises a ternary or higher 
mixture of: 

(a) tetrafluoroethane and/or heptafluoropropane; 

(b) difluoromethane (HFC-32) and/or 1,1,1-trifluoroethane (HFC-143a); and optionally 
40 (c) pentafluoroethane (HFC-125). 

The refrigerant of the invention will normally be formulated into a refrigerant composition which 
comprises, in addition to the refrigerant, one or more additives of the type which are conventionally used in 
refrigerant compositions. Particular mention may be made of a lubricant. The refrigerants of the invention 
are particularly suitable for use in low temperature refrigeration systems. 

45 The tetrafluoroethane may be 1 ,1 ,1 ,2-tetrafluoroethane (HFC-134a) or 1 ,1 ,2,2-tetrafluoroethane (HFC- 
134) or a mixture of these two isomers. Preferably, however, the tetrafluoroethane is a single isomer, and 
more preferably is 1 ,1 ,1 ,2-tetrafluoroethane (HFC-134a). Therefore, in a preferred embodiment, component 
(a) is 1,1,1,2-tetrafluoroethane (HFC-134a), 1,1,2,2-tetrafluoroethane (HFC-134), heptafluoropropane, or a 
combination of heptafluoropropane and 1,1,1,2-tetrafluoroethane (HFC-134a) or 1,1,2,2-tetrafluoroethane 

50 (HFC-134). 

The heptafluoropropane may be 1 ,1 ,1 ,2,3,3,3-heptafluoropropane (HFC-227ea) or 1,1,1,2,2,3,3-hep- 

tafluoropropane (HFC-227ca) or a mixture of these two isomers. 

Although the refrigerant may comprise more than three of the above specified components, the 
refrigerant is preferably a ternary mixture. The mixture may be an azeotrope but will normally be zeotropic. 
55 In one embodiment of the present invention, the refrigerant comprises a ternary or higher mixture of: 

(a) heptafluoropropane, optionally together with 1,1,1,2-tetrafluoroethane (HFC-134a) or 1,1,2,2- 
tetrafluoroethane (HFC-134); 

(b) at least one hydrofluorocarbon selected from difluoromethane (HFC-32) and 1,1,1-trifluoroethane 
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(HFC-143a); and optionally 

(c) pentafluoroethane (HFC-125). 

Component (b) in the above embodinnent preferably comprises or consists of difluoromethane (HFC-32). 
More preferably, component (b) is difluoromethane (HFC-32). 
5 Such a refrigerant could provide a viable alternative to the chlorofluorocarbon refrigerants, such as 
Refrigerant R-22 and Refrigerant R-502, which have been used hitherto in commercial refrigeration systems 
and related heat transfer devices. 

As stated above, ternary refrigerant mixtures are preferred. Accordingly, within this embodiment, 
particularly suitable refrigerants may be selected from: 
10 (1) heptafluoropropane + 1,1,1,2-tetrafluoroethane (HFC-134a) + difluoromethane (HFC-32); 

(2) heptafluoropropane + 1,1,2,2-tetrafluoroethane (HFC-134) + difluoromethane (HFC-32); 

(3) heptafluoropropane + 1,1,1,2-tetrafluoroethane (HFC-1 34a) + 1,1,1-trlfluoroethane (HFC-143a); 

(4) heptafluoropropane + 1,1,2,2-tetrafluoroethane (HFC-134) + 1,1,1-trlfluoroethane (HFC-143a); 

(5) heptafluoropropane + difluoromethane (HFC-32) + 1 ,1 ,1-trlfluoroethane (HFC-143a); 
75 (6) heptafluoropropane + difluoromethane (HFC-32) + pentafluoroethane (HFC-125); and 

(7) heptafluoropropane + 1,1,1-trifluoroethane (HFC-143a) + pentafluoroethane (HFC-125), 
where the reference to heptafluoropropane Is a reference to an Individual Isomer thereof. 

A preferred heptafluoropropane containing refrigerant in the above list Is that Indicated under (6). 
In a preferred embodiment of the present invention, the refrigerant comprises a ternary or higher 
20 mixture of: 

(a) 1,1,1,2-tetrafluoroethane (HFC-1 34a) or 1,1,2,2-tetrafluoroethane (HFC-134); 

(b) at least one hydrofluorocarbon selected from difluoromethane (HFC-32) and 1,1,1-trifluoroethane 
(HFC-1 43a); and optionally 

(c) pentafluoroethane (HFC-125). 

25 Such a refrigerant could provide a particularly viable alternative to the chlorofluorocarbon refrigerants, 
such as Refrigerant R-22 and Refrigerant R-502, which have been used hitherto in commercial refrigeration 
systems and related heat transfer devices. 

As stated above, ternary refrigerant mixtures are preferred. Accordingly, within this preferred embodi- 
ment, particularly suitable refrigerants may be selected from: 

30 (8) 1,1,1,2-tetrafluoroethane (HFC-134a) + difluoromethane (HFC-32) + 1,1,1-trlfluoroethane (HFC-I43a); 

(9) 1,1,2,2-tetrafluoroethane (HFC-134) + difluoromethane (HFC-32) + 1,1,1-trlfluoroethane (HFC-143a); 

(10) 1,1,1,2-tetrafluoroethane (HFC-134a) + difluoromethane (HFC-32) -^ pentafluoroethane (HFC-125); 

(11) 1,1,2,2-tetrafluoroethane (HFC-134) + difluoromethane (HFC-32) + pentafluoroethane (HFC-125); 

(12) 1,1,1,2-tetrafluoroethane (HFC-1 34a) + 1,1,1-trifluoroethane (HFC-1 43a) + pentafluoroethane (HFC- 
35 125); and 

(13) 1,1,2,2-letrafluoroethane (HFC-134) + 1,1,1-trifluoroethane (HFC-1 43a) + pentafluoroethane (HFC- 
125). 

A particularly preferred refrigerant comprises, and preferably consists essentially of: 

(a) 1,1,1,2-tetrafluoroethane (HFC-1 34a) or 1,1,2,2-tetrafluoroethane (HFC-134), especially 1,1,1,2- 
40 tetrafluoroethane (HFC-1 34a); 

(b) difluoromethane (HFC-32) or 1,1,1-trifluoroethane (HFC-1 43a), especially difluoromethane (HFC-32); 
and 

(c) pentafluoroethane (HFC-125). 

Such refrigerants are seen as providing an especially viable alternative to Refrigerants R-22 and R-502 
45 which have been used hitherto in commercial refrigeration systems and related heat transfer devices. 

Low temperature refrigerants in accordance with the Invention typically contain from 5 to 95% by weight 
of tetrafluoroethane or heptafluoropropane and from 95 to 5% by weight of the other component or 
components. The refrigerant may comprise other suitable refrigerant compounds, for example other 
hydrofluoroalkanes and/or fluorinated ethers. Generally, however, the refrigerant will only contain the 
50 hydrofluorocarbons specified above. 

The amounts of the various components in the refrigerant may vary within wide limits, and may be 
selected so as to provide a composition meeting the design requirements of any particular refrigeration 
system. Thus, for example, varying the relative proportions of the components of a particular mixture in a 
particular refrigeration system affects such parameters as boiling point of the mixture, condenser pressure, 
55 evaporator pressure, discharge temperature, system efficiency (coefficient of performance, by which is 
meant the ratio of cooling duty achieved to mechanical power supplied to the compressor) and refrigeration 
capacity (compressor swept volume per unit of cooling duty). In general, increasing the proportion of 
difluoromethane in a composition lowers the temperature achieved and maintained by the refrigeration 
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system, whilst increasing the proportion of 1,1,1,2-tetrafluoroethane reduces the discharge temperature. 

The Tables below show the parameters of a number of refrigerants according to the invention, and 
compares these with the parameters of the presently used refrigerants R-22 and R-502. All the refrigerants 
examined were ternary mixtures of difluoromethane (HFC-32), 1,1,1,2-tetrafluoroethane (HFC-134a) and 
pentafluoroethane (HFC-125). The percentage by weight of each of the components in the refrigerant are 
given in the top row of each Table. For example, 30/50/20 signifies a refrigerant containing 30 % by weight 
HFC-32, 50 % by weight HFC-134a and 20 % by weight HFC-125. In the Tables, the glide in the evaporator 
represents the temperature range over which the refrigerant boils in the evaporator. 

The Tables show that refrigerants according to the invention can exhibit parameters similar to those of 
R-22 and R-502 which they could replace. It will be appreciated that for any particular refrigeration 
application and system, a refrigerant according to the invention can be designed to achieve the perfor- 
mance criteria of condenser pressure not greater than 20 bars, evaporator pressure greater than 1 bar and 
compressor discharge temperature below the maximum operating temperature of any lubricant contained in 
a refrigerant composition in which the refrigerant of the invention is incorporated. 

The present invention is particularly concerned with the provision of replacement refrigerants for 
Refrigerants R-22 and R-502, especially the latter, which are at present widely used in commercial heat 
transfer devices such as refrigeration systems. 

The preferred refrigerant of the invention for replacing Refrigerant R-22 is a mixture comprising, and 
preferably consisting essentially of: 

(a) 1,1,1,2-tetrafluoroethane (HFC-134a); 

(b) difluoromethane (HFC-32); and 

(c) pentafluoroethane (HFC-125). 

An especially preferred refrigerant of the invention for replacing Refrigerant R-22 is a ternary mixture 
consisting essentially of: 

(a) 55 to 65 % by weight of 1,1,1,2-tetrafluoroethane (HFC-134a); 

(b) 25 to 35 % by weight of difluoromethane (HFC-32); and 

(c) 5 to 1 5 % by weight of pentafluoroethane (HFC-1 25). 

The preferred refrigerant of the invention for replacing Refrigerant R-502 is a mixture comprising, and 
preferably consisting essentially of: 

(a) 1,1,1,2-tetrafluoroethane (HFC-134a); 

(b) difluoromethane (HFC-32); and 

(c) pentafluoroethane (HFC-125). 

A suitable replacement for Refrigerant R-502 may be a mixture comprising a 1:1:1 molar ratio of the 
above components. 

One particularly preferred refrigerant of the invention for replacing Refrigerant R-502 is a ternary 
mixture consisting essentially of: 

(a) 25 to 55 % by weight, preferably 26 to 55 % by weight of 1,1,1,2-tetrafluoroethane (HFC-1 34a); 

(b) 25 to 55 % by weight, preferably 26 to 55 % by weight of difluoromethane (HFC-32); and 

(c) 5 to 45 % by weight of pentafluoroethane (HFC-125). 

Such a refrigerant can provide a good compromise between the various performance criteria which are 
desirable for a refrigerant which is intended to replace Refrigerant R-502. Advantageously, however, such a 
refrigerant can provide a higher refrigeration capacity, i.e a higher cooling duty per unit swept volume, than 
Refrigerant R-502. Such a refrigerant can also provide a better energy efficiency than Refrigerant R-502 as 
indicated by a higher value for the coefficient of performance. These effects are illustrated in Tables 2 and 3 
by refrigerants 5 to 8. 

Another particularly preferred refrigerant of the invention for replacing Refrigerant R-502 is a ternary 
mixture consisting essentially of: 

(a) 5 to 25 % by weight, preferably 5 to 24 % by weight of 1,1,1,2-tetrafluoroethane (HFC-1 34a): 

(b) 25 to 75 % by weight, preferably 26 to 75 % by weight of difluoromethane (HFC-32); and 

(c) 15 to 65 % by weight of pentafluoroethane (HFC-125). 

Such a refrigerant can provide a considerably higher refrigeration capacity, i.e a considerably higher 
cooling duty per unit swept volume, than Refrigerant R-502. This effect is illustrated in Tables 3, 4 and 5 by 

refrigerants 9 to 12, 13 and 15. 

An especially preferred refrigerant of the invention for replacing Refrigerant R-502 is a ternary mixture 

consisting essentially of: 

(a) 5 to 45 % by weight of 1,1,1,2-tetrafluoroethane (HFC-134a); 

(b) 15 to 25 % by weight, preferably 15 to 24 % by weight of difluoromethane (HFC-32); and 

(c) 35 to 75 % by weight of pentafluoroethane (HFC-125). 
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Such a refrigerant can provide a good balance between the various perfornnance criteria which are 
desirable for a refrigerant which is intended to replace Refrigerant R-502. In other words, the perfornnance 
characteristics of Refrigerant R-502 can be matched reasonably closely by a refrigerant having the 
composition specified above. This effect is illustrated in Tables 1 and 2 by refrigerants 2 to 4. 
5 All the percentages by weight quoted above are based on the total weight of the refrigerant mixture. 

The refrigerant and the compositions containing them may be prepared by a simple mixing process. 

As stated above the refrigerant may and usually will be formulated into a refrigerant composition 
together with a lubricant. Any conventional lubricant may be employed, but polyalkylene glycols and 
especially esters are preferred. By selecting a lubricant with a high thermal stability, it is possible to operate 
10 with higher compressor discharge temperature than is currently possible using conventional hydrocarbon 
lubricants and this can improve the thermodynamic efficiency of the refrigeration system. 

The refrigerants are useful in all types of compression cycle heat transfer devices. Thus, they may be 
used to provide cooling by a method involving condensing the refrigerant and thereafter evaporating it in a 
heat exchange relationship with a body to be cooled. They may also be used to provide heating by a 
75 method involving condensing the refrigerant in a heat exchange relationship with a body to be heated and 
thereafter evaporating it. The refrigerants are also useful in counter-current heat exchangers to increase the 
efficiency of such exchangers. 

The refrigerants of the invention provide a good compromise between efficiency and low atmospheric 
lifetime combined with non-flammability and zero ozone depletion. They are especially suitable for 
20 applications currently satisfied by Refrigerants R-22 and R-502. 
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Claims 

55 

1. A refrigerant comprising a ternary or liigher mixture of: 

(a) tetrafluoroethane and/or heptafluoropropane; 

(b) difluoromethane and/or 1 ,1 ,1 -trifluoroethane; and optionally 
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(c) pentafluoroethane. 

2. A refrigerant as claimed In 1, wherein component (a) Is 1,1,1 ,2-tetrafluoroethane, 1,1,2,2- 
tetrafluoroethane, heptafluoropropane, or a combination of heptafluoropropane and 1,1,1,2- 

5 tetrafluoroethane or 1 ,1 ,2,2-tetrafluoroethane. 

3. A refrigerant as claimed in claim 1 or claim 2, wherein component (a) is heptafluoropropane, optionally 
together with 1 ,1 ,1 ,2-tetrafluoroethane or 1,1,2,2-tetrafluoroethane. 

70 4. A refrigerant as claimed In claim 3, wherein component (b) Is difluoromethane. 

5. A refrigerant as claimed In claim 3 or claim 4 which comprises pentafluoroethane. 

6. A refrigerant as claimed In claim 1 or claim 2, wherein component (a) Is 1,1,1 ,2-tetrafluoroethane or 
75 1 ,1 ,2,2-tetrafluoroethane. 

7. A refrigerant as claimed in claim 6, wherein component (a) Is 1 ,1 ,1 ,2-tetrafluoroethane. 

8. A refrigerant as claimed In claim 6 or claim 7, wherein component (b) Is difluoromethane. 

20 

9. A refrigerant as claimed In any one of claims 6 to 8 which comprises pentafluoroethane. 

10. A refrigerant comprising: 

(a) 1 ,1 ,1 ,2-tetrafluoroethane; 
25 (b) difluoromethane; and 

(c) pentafluoroethane. 

11. A refrigerant as claimed in claim 10, wherein 1 ,1 ,1 ,2-tetrafluoroethane constitutes from 25 to 55 % by 
weight, difluoromethane constitutes from 25 to 55 % by weight, and pentafluoroethane constitutes from 

30 5 to 45 % by weight of the total weight of the refrigerant. 

12. A refrigerant as claimed in claim 10, wherein 1,1,1 ,2-tetrafluoroethane constitutes from 5 to 25 % by 
weight, difluoromethane constitutes from 25 to 75 % by weight, and pentafluoroethane constitutes from 
15 to 65 % by weight of the total weight of the refrigerant. 

13. A refrigerant as claimed in claim 10, wherein 1,1,1 ,2-tetrafluoroethane constitutes from 5 to 45 % by 
weight, difluoromethane constitutes from 1 5 to 25 % by weight, and pentafluoroethane constitutes from 
35 to 75 % by weight of the total weight of the refrigerant. 

40 14. A refrigerant composition comprising a refrigerant as claimed in any one of claims 1 to 13 and a 
lubricant. 

15. A heat transfer device in which the working fluid comprises a refrigerant as claimed In any one of 
claims 1 to 13 or a refrigerant composition as claimed In claim 14. 

45 

16. A method for providing cooling which comprises condensing the refrigerant claimed In any one of 
claims 1 to 13 and thereafter evaporating It in a heat exchange relationship with a body to be cooled. 

17. A method for providing heating which comprises condensing the refrigerant claimed In any one of 
50 claims 1 to 1 3 In a heat exchange relationship with a body to be heated and thereafter evaporating It. 
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